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Chiropractic Spinal Manipulation (CSM), an alternative medicine technique, has been 
considered as one of the main treatment techniques for neuro-muscular-skeletal problems. 
And main complaints of the patients are often neck pain, back pain and low-back pain1-4). 
However, the mechanism by which CSM leads to pain relief has not been fully understood 
yet. In addition, it has been also suggested that the pain in chronic low-back pain is 
associated with reduction of local brain activity. Our strategy was to explore the regional 
brain activity changes after CSM by using positron emission tomography (PET), which 
enables the measurement of the regional brain activity and muscle metabolic activity 
simultaneously in human at whole-body. The aim of the present study is to investigate brain 
and skeletal muscles activity changes after CSM by using [18F]fluorodeoxyglucose 
([18F]FDG) and PET 5). 
We recruited 21 male subjects (mean age +/- SD: 26.4 +/- 5.9 years) with cervical 
pain and shoulder stiffness. PET scanning was performed twice on each participant, at 
resting (control condition) and after CSM intervention (treatment condition). 
Questionnaires were also used for evaluation of subjective sensation of their pain intensities. 
A subjective pain intensity was evaluated by using a visual analogue scale (VAS), rated by 
each participant before and after CSM intervention, and muscle tone and salivary amylase 
were also measured. The protocol is shown in Figure 1. Brain PET images were analyzed 
using the voxel-wise statistical analysis software package Statistical Parametric Mapping 8 
(SPM8) in order to identify regional glucose metabolic changes. PET images of the neck 
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and shoulder regions were coregistered to the MR images of the same subject; regions of 
interest (ROIs) for cervical muscles were then manually drawn on the PET images using Dr. 
View software, using MR images as references. ROIs were drawn on major muscles of the 
neck shoulder (trapezius muscle at C7-T1 levels bilaterally, splenius, semispinalis, elevator 
scapular muscles at C6-C7 levels bilaterally). We performed statistical analysis using 
standardized uptake value (SUV) for analysis the differences of muscle glucose uptake. 5) 
The results of the statistical analysis found regional brain activity that increased or 
decreased after CSM intervention (Figure 2). As for regional brain metabolic changes after 
CSM intervention, the regional activation (increased metabolism) was detected in the dorsal 
anterior cingulate cortex (dACC) (Brodmann area [BA] 32), cerebellar vermis (CV), and 
somatosensory association cortex. And the regional deactivation (decreased metabolism) 
was detected in regions including the prefrontal cortex (PFC) and temporal sites. On the 
other hand, certain cervical muscles showed a tendency toward decreased glucose 
metabolism after CSM, although the difference was not statistically significant. As for 
subjective pain, a significantly lower visual analogue scale (VAS) score was noted after 
CSM. Cervical muscle tone and salivary amylase measures were significantly decreased 
after CSM5). 
In summary, the present study demonstrated sympathetic relaxation and 
corresponding regional brain metabolic changes, as well as reduced muscle glucose uptake, 
muscle tone and decreased pain intensity following a CSM. We were able to get one of the 
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Figure2.  Regional activation (left) and deactivation (right) after spinal manipulation 
therapy (SMT) using an activator adjusting instrument. Glucose metabolism is increased 
in regions including the anterior cingulate cortex and cerebellar vermis but is relatively 
reduced in many sites, including the prefrontal cortex, after SMT. The voxel height 
threshold is 𝑝𝑝 < 0.05, corrected for multiple comparisons; the extent threshold is10 
voxels minimum. (reproduced from Ref. 5). 
 
